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Abstract
Carbon emissions in the power sector are an important part of China’s total carbon emissions and have a significant impact on
whether China can achieve the 2030 carbon peak target. Based on the three perspectives of decomposition, decoupling, and
prediction, this paper studies the feasibility of carbon emission peaks in eight major regional power sectors in China. First, the
generalized Divisia index model (GDIM) is used to decompose the carbon emissions of the eight regional power sectors, and the
driving factors and their effects on carbon emissions in the power sector of each region are compared. Then, the decoupling index
based on the generalized Divisia index model (GDIM-D) is used to study the decoupling relationship between the carbon
emissions of the eight regional power sectors and economic growth. Finally, the carbon emissions and decoupling indices of
the power sector from 2017 to 2030 are predicted. The results show the following. First, the gross domestic product (GDP) and
output scale are the main factors contributing to the carbon emissions of the eight regional power sectors. The carbon intensity of
the power sector in GDP (C/G) and output carbon intensity(C/E) are the main factors that contribute to the reduction. Second, the
carbon emissions of the southern coast, the middle Yellow River, and the Southwest peaked in 2013 and have been decoupled
from economic growth, while those in the other regions have not peaked or decoupled. Third, if the carbon emissions of the
power sector in the Northeast, northern coast, eastern coast, middle Yangtze River, and Northwest reach a peak in 2030, they will
face many emission reduction pressures. This paper provides a reference for studying the carbon emissions of China’s regional
power sectors and their relationship with economic growth and has important implications for peak carbon emissions at the
national level.
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Introduction
Research background
Greenhouse gas emissions are closely related to human life and
have been a research hotspot in recent years. As the world’s
second largest energy consumer and the largest emitter of
greenhouse gases, China’s carbon emissions accounted for
27% of the global carbon emissions in 2017, ranking first in
the world (GCP 2018). The IEA predicts that China’s energy-
related carbon dioxide emissions will rise to 11.615 billion tons
in 2030, whose increase will be of 48.6% of the global increase
during this period (2007–2030) (Zhang and Wang 2016). In
recent years, to actively respond to global warming, China
has successively formulated carbon emission reduction targets
and policies, the most important of which is to achieve carbon
emission peaks in 2030. On November 12, 2014, China prom-
ised in the “Joint U.S.-China Statement on Climate Change”
that carbon dioxide emissions would peak around 2030 and
strive to reach an early peak. Additionally, non-fossil energy
would account for approximately 20% of the primary energy
consumption (China and America 2014). This goal was
reaffirmed in the “Intended Nationally Determined
Contributions” submitted by China to the “United Nations” in
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2015 and in the Paris Conference on Climate Change. China’s
commitment to achieving a carbon emission peak demonstrates
China’s power for action in the face of climate change, high-
lights China’s image of responsibility as a large country, and
sets a positive example for the global response to climate
change, which has received widespread attention and appreci-
ation from the international community. However, China’s
commitment to peak carbon emissions will bring enormous
pressure and challenges to domestic energy and industrial
restructuring, including synergies and trade-offs among eco-
nomic, energy, and technological factors. Therefore, there is
great uncertainty and realistic pressure on China to achieve
peak carbon emissions by 2030(Li and Qin 2019).
Carbon emissions in the power sector are a non-negligible
part of China’s total carbon emissions. In the past decade or
so, carbon emissions from China’s power sector accounted for
49.1% of China’s total carbon emissions and 32.1% of the
world’s total carbon emissions (Meng et al. 2017). The 2016
Clean Energy Blue Book noted that the power sector is an
important area for carbon emissions and carbon reduction.
At present, China’s power generation capacity has surpassed
that of the USA, ranking first in the world. It is also the largest
coal-fired power generation country in the world, and the
power sector has a large carbon reduction potential (IFCE
2016). According to data released by the International
Energy Agency (IEA), the carbon emissions of China’s power
sector (including thermal) accounted for 48.6% of the total
emissions in 2015, and China’s five major power generation
groups (China Huaneng Group, China Datang Group, China
Huadian Group, China Guodian Group, and China Power
Investment Group) have an average carbon emission equiva-
lent level of approximately 300–400 million tons. In the same
period, the world’s major power generation groups (such as
France Power, Eon Group) had average carbon emissions of
approximately 50 to 150 million tons of carbon dioxide equiv-
alent in 2015. The carbon emission level of the China Power
Generation Group is much higher than those of the world’s
other major power generation groups and is equivalent to
emissions from a medium-sized developed country (Chen
et al. 2018). To reduce carbon emissions in the power sector,
the Chinese government has taken many measures, such as
vigorously developing clean energy and renewable energy
and adjusting thermal power structures. China’s power sector
has also seen a reduction in coal consumption and transmis-
sion losses, with the share of non-fossil energy-installed ca-
pacity increasing from 27.2% in 2010 to 24.8% in 2015
(China Electricity Council 2016). China’s resource endow-
ment determines that the power generation structure of
China’s power sector will still be dominated by coal-fired
power, and the energy structure will still be dominated by
coal. Therefore, energy conservation and emission reduction
in the power sector still face certain challenges. At the same
time, the total carbon emissions of China’s power sector
increased from 2.1 billion tons of carbon dioxide in 2005 to
3.5 billion tons of carbon dioxide in 2015 (Liu et al. 2017),
indicating the huge realistic pressure for carbon emission re-
duction in the power sector. In summary, studying the peak
carbon emissions in the power sector has important practical
significance for China in achieving the national peak carbon
emissions in 2030.
Literature review
At present, there are many studies on carbon emissions of
power sectors in academia, including the use of index decom-
position methods to decompose carbon emissions and the use
of scenario simulations to predict carbon emissions. In terms
of the decomposition of carbon emissions in power sectors,
most mainstream decomposition methods are based on the
Kaya identity due to its advantages such as a simple mathe-
matical form, no residual decomposition, and strong explana-
tory power for the driving factors of carbon emission changes
(Yuan and Pan 2013). The main decomposition methods in-
clude Divisia index decomposition (Zu et al. 2010; Li et al.,
2018a), the IDA model (Ang and Goh 2016), and the LMDI
model (Tang and Li 2016; Jiang and Li 2017; Zhao et al.
2016). However, because the factor decomposition method
based on Kaya identities has some limitations and cannot fully
reflect the actual contributions of different factors to the evo-
lution of carbon emissions (Alexander Vaninsky 2014), more
and more scholars are beginning to look for better alternatives,
such as the GDMI (Zhu et al. 2018). In terms of carbon emis-
sion prediction, there are mainly top-down prediction models
and bottom-up prediction models. The top-down scenario pre-
diction models describe the economy as a system that includes
economic factors such as the GDP and better reflects the roles
of various factors, including economic factors, in carbon emis-
sion projections. For example, the combination of support
vector regression and Monte Carlo simulation can make pre-
dictions by accounting for multiple influencing factors as de-
pendent variables, thereby reducing errors (Yu et al. 2016).
The CGE model forecasts future carbon emissions with the
consideration of carbon trading, which reflects the important
role of carbon trading in carbon emission reduction (Li et al.,
2018a). Since the top-down prediction model only considers
macroscopic factors and rarely considers factors such as tech-
nology, the bottom-up scenario prediction model that can re-
flect technical parameters and energy flow in detail is used by
more scholars. Examples include the elesplan-m model
(Pleßmann and Blechinger 2017), TIMES model (Liu et al.
2018), LEAP model (Özer et al. 2013; Emodi et al. 2019),
REpower Europe model (Collins et al. 2018), EnergyPLAN
optimization model system (Ali et al. 2017), and NET-Power
model (Tang et al. 2018).
Studies on decoupling between carbon emissions and eco-
nomic growth mainly involve other sectors and industries.
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More studies have adopted the “Tapio” decoupling index
(Guo and Chen 2018; Wang et al. 2017; Han et al. 2018;
Marques et al. 2018). The “Tapio” decoupling theory reflects
whether there is a decoupling relationship between economic
growth and carbon emissions and the decoupling state by
means of an elastic coefficient. To better reflect the contribu-
tion of carbon emission decomposition factors in the
decoupling process, more and more scholars have combined
the decomposition method and the decoupling model (Wu
et al. 2018; Engo 2018), which cannot only reflect the contri-
butions of various carbon emission factors to carbon emis-
sions but can also reflect their impact on the decoupling pro-
cess. Diakoulaki and Mandaraka (2007) proposed a new
decoupling analysis method based on LMDI and studied the
decoupling relationship between the added value of
manufacturing industry and carbon emissions in 14 EU
countries to assess the efforts of each country toward
reducing carbon emissions. Zhang and Da (2015) and Li and
Qin (2019) also used the samemethod to study the decoupling
relationship between China’s energy-related carbon emissions
and economic growth and that between China’s carbon emis-
sions and economic growth. In addition, the assessment meth-
od was initially used in the evaluation of science and technol-
ogy projects, and then gradually developed into credit rating
and other aspects (Shi et al. 2019; Chai et al. 2019; Bai et al.
2019). In recent years, assessment methods have also begun to
be introduced into carbon emission research, such as life cycle
assessment (LCA) (Pan et al. 2018; Liu et al. 2019) and qual-
ity assessment systems (Wang et al. 2019). Summary of men-
tioned studies in this paper can be seen from Table 3 of the
Appendix.
Existing studies have produced rich research results on
carbon emissions of the power sector, but there are still some
deficiencies:
1) In terms of research methods, current research on the
factors affecting carbon emissions in the power sector mainly
uses the LMDI decomposition method. However, the factors
in the LMDI decomposition method take the form of multi-
plication results in correlations between each factor, and the
decomposition results are also affected by the selected
influencing factors, which may lead to opposite conclusions.
2) In terms of research scope, most studies focus onChina’s
whole power sector. Few studies have examined the carbon
emissions of the power sector at the regional level, which
ignores the differences between each region and makes it dif-
ficult to put forward specific suggestions for each region.
3) There is little research on decoupling between economic
growth and carbon emissions in the power sector. At present,
most of the decoupling studies are aimed at China’s overall
carbon emissions and economic growth, ignoring the relation-
ship between economic growth and carbon emissions in the
power sector, and fail to provide targeted opinions and
suggestions for economic growth and carbon emissions in
the power sector.
The main work and innovation of this paper
Based on existing research, to better study the feasibility of
carbon emissions in the power sector in eight regions of
China, in this paper, these carbon emissions are decomposed
separately. And in each region, the decoupling relationship
between the economic growth and carbon emissions in the
power sector is further studied on the basis of the decomposi-
tion results. Compared with existing research, the innovations
of this paper mainly include the following:
1) The GDIM method is used to decompose the carbon
emissions of the power sectors in eight regions of China from
2003 to 2016, and the driving factors behind and differences
between carbon emissions of the power sectors in different
regions are analyzed. The LMDI can only examine the impact
of one absolute quantity (such as economic size) and cannot
reflect the impact of other absolute quantity (such as the scale
of energy consumption) on carbon emissions. The SDA mod-
el needs to collect data of different departments, and for some
industries (such as power sector), data between departments is
difficult to obtain, which limits the use of SDA model. The
GDIM makes up for the shortcomings of the SDA model and
the index decomposition methods based on the Kaya identity
(such as LMDI); it can accurately and comprehensively reflect
the actual contribution of each factor to the carbon emissions
of the power sector.
2) Based on the perspective of regional segmentation, the
carbon emissions of eight regional power sectors in China are
analyzed. According to the “Strategies and Policies for
Regional Coordinated Development” promulgated by the
State Council (The State Council 2006), taking into account
China’s vast land area and large regional differences, in order
to meet the needs of regional research and regional develop-
ment, China is divided into eight regions according to re-
source endowments and economic development. The specific
divisions and compositions of the eight regions are shown in
Appendix Table 1. Due to the development of clean electricity,
the carbon emissions of the power sector in the Southwest, the
southern coast, and the middle Yellow River all show a down-
ward trend in 2013. Due to the slow economic development
and slow growth of electricity demand, the carbon emission
growth in the power sector of the Northeast is also relatively
slow. Carbon emissions in the northern coast and eastern
coast, middle Yangtze River, and Northwest grow faster than
do those in other regions due to faster economic development
and reliance on coal-fired power generation. By decomposing
the carbon emissions of the power sectors in different regions,
it is possible to accurately grasp the different driving effects of
each factor on carbon emissions to put forward targeted
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recommendations for emissions reduction of power sectors in
each region.
3) For the first time, the GDIM-D decoupling index is used
to study the decoupling relationship between carbon emis-
sions of the power sector and economic growth in each region,
which not only reflects the decoupling process in each region
but also reflects the decoupling status of each region. At the
same time, since the decoupling index is established based on
the decomposition result of the GDIM, the decoupling index
can also reflect the contribution of each relative quantity factor
and absolute quantity factor to the decoupling process, thus
providing constructive suggestions for the decoupling of car-
bon emissions in the power sector and economic growth.
4) Carbon emissions in the power sector for 2017 to 2030
are projected for eight regions. Based on the relationship be-
tween GDP growth and carbon emissions caused by GDP
growth, the carbon emissions of the power sector caused by
GDP growth in China’s eight regions from 2017 to 2030 are
predicted, on the basis of which the decoupling index is pre-
dicted. From the perspective of historical evolution and future
predictions, the feasibility of achieving the carbon emissions
peak in China’s power sector in 2030 is studied.
The analysis of this paper can be divided into three parts:
“Decomposition of factors affecting carbon emissions in the
power sector,” “Decoupling of carbon emissions in the power
sector and economic growth,” and “Prediction of the
decoupling index of China’s regional power sectors.” The first
section “Decomposition of factors affecting carbon emissions
in the power sector” mainly studied the influencing factors of
carbon emission and their differences in different regions. The
second section “Decoupling of carbon emissions in the power
sector and economic growth” calculated the decoupling index-
es based on the decomposition results of the first section and
studied the roles of various influencing factors in different
regions in the decoupling process. According to decomposi-
tion results of different time in the first section and the
decoupling indexes calculated in second section, the third sec-
tion “Prediction of the decoupling index of China’s regional
power sectors” found that there was a strong relationship be-
tween GDP growth and carbon emissions of the power sectors
caused by GDP growth. The future decoupling indexes were
predicted based on these fitting relationships and the feasibil-
ity of peaking carbon emissions of China’s regional power
sector was analyzed based on the decoupling perspective.
The rest of this paper is arranged as follows. “Model intro-
duction and data source” introduces the model and data
sources. “Decomposition results of the influencing factors of
carbon emissions in China’s regional power sectors” describes
the decomposition results. “Decoupling analysis of carbon
emissions in China’s regional power sectors” presents the re-
sults of the decoupling analysis. Prediction of the decoupling
index of China’s regional power sectors” presents the predic-
tions. “Discussion and analysis” contains the discussion and
analysis. “Conclusions and policy recommendations” presents
the conclusions and policy recommendations of this study.
The research framework of this paper is shown in Fig. 1.
Model introduction and data source
Decomposition of factors affecting carbon emissions
in the power sector—GDIM
This paper uses the GDIM to decompose carbon emissions in
the power sector. The GDIM is a multi-dimensional factor
decomposition model derived from the deformation of the
Kaya identity, which can reflect the dynamic causes of carbon
emission changes. According to the GDIM, the expression of
carbon emissions and related factors in the power sector is
shown in Eqs. (1)–(3):
C ¼ G C=Gð Þ ¼ E  C=Gð Þ ¼ P  C=Gð Þ ð1Þ
P=G ¼ C=Gð Þ= C=Pð Þ ð2Þ
E=P ¼ C=Pð Þ= C=Eð Þ ð3Þ
In Eqs. (1)–(3), C is the carbon emission of the power
sector. G is the GDP. E is the scale of energy consumption
(total energy consumption), and P is the scale of output (pow-
er generation). GCI =C/G denotes the carbon intensity of the
power sector in the GDP. ECI =C/E denotes the carbon inten-
sity of energy consumption. PCI =C/P denotes the carbon
intensity of output. GPI = P/G denotes the power generation
intensity of the GDP (power generation per unit of GDP).
PEI = E/P denotes the energy intensity (Table 2 of the
Appendix).
Furthermore, Eqs. (1)–(3) can be transformed into Eqs.
(4)–(8):
C ¼ P  C=Pð Þ ð4Þ
P  C=Pð Þ−E  C=Eð Þ ¼ 0 ð5Þ
P  C=Pð Þ−G C=Gð Þ ¼ 0 ð6Þ
P−G P=Gð Þ ¼ 0 ð7Þ
E−P  E=Pð Þ ¼ 0 ð8Þ
Assuming that the influence of factorX on the carbon emis-
sions of the power sector is represented by function C(X), the
Jacobian matrixΦX shown in Eq. (9) is constructed according
to Eqs. (4)–(8):
ΦX ¼
C=P P −C=P −E 0 0 0 0
C=P P 0 0 −C=G −G 0 0
1 0 0 0 −P=G 0 −G 0
0 0 1 0 0 0 −P
2
664
3
775
ð9Þ
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According to the principle of the GDIM, the carbon emis-
sions ΔC of the power sector can be decomposed into Eq.
(10):
ΔC X jΦ½  ¼ ∫T∇Ct I−ΦXΦXþð ÞdX ð10Þ
I n E q . ( 1 0 ) , T r e p r e s e n t s t h e t i m e s p a n ;
ΔC ¼ C=P P 0 0 0 0 0 0ð Þ; I represents the unit ma-
trix; and “+” represents generalized inverse matrix. If the col-
umn s o f ΦX a r e l i n e a r l y i n d e p e n d e n t , t h e n
ΦþX ¼ ΦtXΦX
 −1
ΦtX .
Changes in carbon emissions can be broken down into a
sum of eight effects, including absolute and relative factors.
Absolute quantity factors include ΔCEG, ΔCEE, and ΔCEP,
reflecting the impact of changes in the GDP, changes in the
energy consumption scale, and changes in the power genera-
tion scale on carbon emissions, respectively. Relative quantity
factors include ΔCEGCI, ΔCEECI, ΔCEPCI, ΔCEGPI, and
ΔCEPEI. ΔCEGCI reflects the impact of the carbon intensity
of the power sector in the GDP (which is represented as the
carbon emissions of the power sector caused by a unit of
GDP) on carbon emissions. ΔCEECI reflects the impact of a
low-carbon level of energy use (the carbon intensity of energy
consumption is reflected by changes in the energy structure)
on carbon emissions. ΔCEPCI reflects the impact of a low-
carbon level in the development of the power sector on carbon
emissions. ΔCEGPI reflects the impact of power generation
per unit of GDP (which can indirectly reflect the industrial
structure) on carbon emissions. ΔCEPEI reflects the impact
of energy consumption per unit of power generation (i.e., the
energy intensity and the degree of dependence on energy dur-
ing power generation) on carbon emissions. The relationship
between changes in the carbon emissions of power sector and
the decomposition factors can be expressed as Eq. (11):
ΔCE ¼ ΔCEG þΔCEP þΔCEE þΔCEGCI
þΔCEECI þΔCEPCI þΔCEGPI þΔCEPEI ð11Þ
Decoupling of carbon emissions in the power sector
and economic growth—decoupling index
The decoupling index D (Diakoulaki and Mandaraka 2007) is
expressed by Eqs. (12)–(14):
When ΔCEG is greater than 0, that is, economic growth
will lead to the increase of carbon emissions; the decoupling
index is expressed by Eqs. (12)–(14):
Fig. 1 The main research process
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D ¼ − ΔF
ΔCEG
ð12Þ
ΔF ¼ ΔCE−ΔCEG
¼ ΔCEE þΔCEP þΔCEGCI þΔCEECI þΔCEPCI
þΔCEGPI þΔCEPEI
ð13Þ
D ¼ − ΔF
ΔCEG
¼ −ΔCEE þΔCEP þΔCEGCI þΔCEECI þΔCEPCI þΔCEGPI þΔCEPEI
ΔCEG¼ DE þ DP þ DGCI þ DECI þ DPCI þ DGPI þ DPEI
ð14Þ
In the Eqs. (12)–(14), if D ≥ 1, there is an absolute
decoupling effect, that is, the effect of suppressing the increase
of carbon emissions by all inhibiting factors is greater than the
effect of economic growth promoting the increase of carbon
emissions in the power sector. In other words, as the GDP
grows, the carbon emissions of the power sector will decrease.
In this case, even if the economic growth leads to the increase
of carbon emissions, due to the implementation of emission
reduction measures, carbon emissions reduced by inhibiting
factors such as the carbon intensity of energy consumption
were more than that increased by economic growth. So GDP
grows, but carbon emissions decrease. If 0 < D < 1, there is a
relative decoupling effect, that is, the effect of suppressing
carbon emissions by a certain factor is slightly smaller than
the effect of economic growth promoting the increase of car-
bon emissions. If D ≤ 0, there is no decoupling effect, that is,
the inhibiting factors does not reduce carbon dioxide emis-
sions but increases carbon dioxide emissions and carbon emis-
sions are growing faster than the economy. For indices such as
DE and DP, if their values are greater than zero, these factors
are considered to have an inhibitory effect on carbon dioxide
emissions, and they contribute to the decoupling between car-
bon dioxide emissions from the power sector and economic
growth. Conversely, if their values are less than zero, they will
promote carbon dioxide emissions from the power sector and
do not contribute to decoupling.
When ΔCEG is less than 0, that is, economic growth will
not lead to the increase of carbon emissions; the decoupling
index is expressed by Eq. (15):
D ¼ ΔF−ΔCEG
ΔCEG
ð15Þ
Equation (15) reflects the effect of all other inhibiting fac-
tors except economic growth in inhibiting the increase of car-
bon emission. At this time, D ≥ 1 still means that there is an
absolute decoupling effect, 0 <D < 1 still means that there is a
relative decoupling effect, and D ≤ 0 still means that there is
no decoupling effect.
Data source
The data in this paper mainly come from the China Statistical
Yearbook (Sheng et al. 2004-2017), China Power Yearbook
(Wei et al. 2004-2007), and China Energy Statistics Yearbook
(Wen et al. 2004-2017). The GDP of each year is adjusted
based on 2003. Due to a lack of data, Tibet, Hong Kong,
Macao, and Taiwan are not included in the scope of this paper.
The carbon emissions of the power sector are mainly calculat-
ed using the chemical fuel combustion method in “China’s
power generation enterprise greenhouse gas emission ac-
counting methods and reporting guidelines (Trial)” (National
Development and Reform Commission 2013), which is more
in line with China’s national conditions , as shown in Eq. (16):
C ¼ ∑
i
ADi  EFið Þ ¼ ∑
i
FCi  NCVið Þ  10−6  EFi
¼ ∑
i
FCi  NCVið Þ  10−6  CCi  OFi  4412
 
ð16Þ
In Eq. (16),
ADi refers to the activity level of the ith fossil fuel,
expressed in units of TJ.
EFi refers to the emission factor of the ith fossil fuel,
expressed in units of tons per TJ.
FCi refers to the consumption of the ith fossil fuel,
expressed in units of tons.
NCVi refers to the average low calorific value of the ith
fossil fuel, expressed in units of kilojoules per
kilogram.
CCi refers to the carbon content per unit calorific value of
the ith fossil fuel, expressed in units of tons per TJ.
OFi refers to the carbon oxidation rate of the ith fossil fuel.
Decomposition results of the influencing
factors of carbon emissions in China’s
regional power sectors
Based on the GDIM model, the decomposition results of the
carbon emissions in the power sector from 2003 to 2016 in the
eight regions are shown in Fig. 2. Figure 2 shows the
following:
1) For the eight regions, the driving effects of various carbon
emission factors on carbon emissions are partially the
same. The GDP and output scale are the main factors
for promoting growth, while the carbon intensity of the
power sector in the GDP and the carbon intensity of
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output in the power sector are the main factors contribut-
ing to reduction. The development of the economy and
the expansion of the production scale will increase the
demand for market products and raw materials, and the
power demand of enterprises will also increase, which
will increase the power generation and energy demand
of the power sector, resulting in an increase in carbon
emissions in the power sector. The carbon intensity of
the power sector in the GDP and the carbon intensity of
output can reflect the energy structure and energy inten-
sity of the power sector to a certain extent. The use of
clean energy and the development of energy-saving and
emission-reduction technologies have improved the car-
bon emission efficiency and energy structure and reduced
the intensity of energy, making these two factors play a
role in emission reduction.
2) The driving factors of carbon emissions have different
effects on the carbon emissions of power sectors in dif-
ferent regions. The scale of energy consumption has al-
ways been a contributing factor to carbon emissions of
power sectors in the Northeast, northern coast, eastern
coast, middle Yangtze River, and Northwest, while the
impact of the scale of energy consumption of the
Southern coast and Southwest has changed from a con-
tributing factor to a reducing factor since 2011 and 2013,
respectively. For the southern coast, although the amount
of power generation is increasing year by year, the pro-
portion of thermal power generation is declining due to
the development of hydropower resources. For example,
in 2011, thermal power generation accounted for 81% of
the total power generation in the southern coast, and in
2016, this proportion decreased to 63%. As a result, the
total energy consumption has also decreased, and the
scale of energy consumption in the southern coast has
changed from a factor of growth to a factor of reduction.
The power generation structure in the Southwest is better
than those in other regions, and hydropower is the main
source of power generation. In 2016, hydropower
accounted for 68% of the total power generation in the
Southwest. The installed hydropower capacity of the
Southwest is twice that of the middle Yangtze River and
more than ten times those of other regions. As a result, the
total energy consumption in the Southwest has been re-
duced year by year, and the scale of energy consumption
has changed from a factor of growth to a factor of reduc-
tion. The effects of promoting the reduction of the carbon
intensity of the power sector in the GDP and the carbon
intensity of the output are weaker than those in other
regions, which is mainly related to the energy structure
of these two regions. Thermal power is mainly used in the
northern coast and the Northwest. In 2016, the amount of
raw coal used in thermal power generation in the
Northwest was more than five times that in 2003 and far
higher than the amounts in other regions. In 2016, the
thermal power–installed capacity in the northern coast
reached 82.89%, and the thermal power generation
Fig. 2 Diagram of the carbon emission decomposition results of China’s eight major regional power industries from 2003 to 2016
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reached 94%, ranking first among the eight regions. In
addition, carbon emissions in the Northeast, northern
coast, eastern coast, and middle Yangtze River have in-
creased or decreased sharply in certain years, mainly due
to sudden changes in electricity consumption or total en-
ergy consumption in these regions.
Summaries The carbon emission reduction factors in the pow-
er sector have led to a downward trend in carbon emissions in
the power sectors of the southern coast, the middle Yellow
River, and the Southwest. However, the carbon emission pro-
motion factors in the Northeast, northern coast, eastern coast,
middle Yangtze river, and Northwest still play greater roles
than do the reduction factors, resulting in an upward trend of
carbon emissions in the power sectors in these regions.
Decoupling analysis of carbon emissions
in China’s regional power sectors
Based on the GDIM-D decoupling method, the decoupling
index between the carbon dioxide emissions of the power
sector and the GDP growth from 2003 to 2016 is obtained.
Since ΔCEG in each region is greater than 0, the decoupling
index of each region is calculated according to Eqs. (12)–(15),
and the results are shown in Fig. 3.
As can be seen from Fig. 3, the decoupling indices of the
Northeast, the northern coast, the eastern coast, and the middle
Yangtze River is less than 0 in most years, indicating that the
carbon dioxide emissions of the power sectors in these regions
have not decoupled from economic growth and that the
inhibiting factors have not played significant roles in the re-
duction of carbon emissions. The decoupling effect index of
the energy consumption scale and the decoupling effect index
of the output scale in these four regions are all less than 0 in
most years, indicating that the scale of energy consumption
and the scale of output have not played a depressing role in the
decoupling process but have also promoted carbon emissions.
The decoupling effect index of the carbon intensity of the
power sector in the GDP is always greater than 0, indicating
that the carbon intensity of the power sector in the GDP has
played a positive role in the decoupling process and sup-
pressed carbon emissions. At the same time, the decoupling
index of these four regions fluctuates between decoupling and
non-decoupling. This volatility is mainly caused by the scale
of energy consumption, the carbon intensity of the output and
the scale of output in decoupling.
After 2012, the decoupling index in the southern coast, the
middle Yellow River, and the Southwest show trends of greater
than 0 or even greater than 1, indicating that the power sectors
and in these areas has begun a state of absolute decoupling, the
carbon dioxide emissions of these power sectors decreased with
the growth of the GDP and that the carbon emissions reduction
Fig. 3 Diagram of the decoupling index of carbon emissions and economic growth in China’s eight major regional power sectors from 2003 to 2016
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effects of the restraining factors were greater than the driving
effect of economic growth. Additionally, in these three regions,
the decoupling effect index of energy intensity, the decoupling
effect index of the carbon intensity of the power sector in the
GDP, and the decoupling effect index of the carbon intensity of
the output carbon are all greater than 0 in most years, indicating
that the decoupling effect of the energy intensity, the carbon
intensity of power sector in the GDP, and the carbon intensity of
the output carbon play very good roles in decoupling. The
decoupling index in the Northwest was less than 0 before
2015, and there is a trend toward more than 0 after 2015. The
main reason is that the decoupling effect index of the energy
consumption scale and the decoupling effect index of the output
scale have gradually increased since 2013, which indicates that
the promoting effects of the energy consumption scale and the
output scale on carbon emissions have gradually decreased,
resulting in the GDP and the carbon emissions of the power
sector in the Northwest showing a relative decoupling trend.
Summaries The carbon emissions of the power sectors and
economic growth in the Northeast, the northern coast, the
eastern coast, the middle Yangtze River, and the Northwest
have not yet been decoupled, and the carbon emissions of the
power sectors in these regions will increase with GDP growth.
The carbon emissions of the power sectors and economic
growth in the Southern coast, the middle Yellow River, and
the Southwest have begun to enter an absolute decoupling
state. The effect of all inhibitors on carbon emissions is greater
than the effect of economic growth to increase carbon emis-
sions and economic growth will not cause carbon emissions in
these power sectors.
Prediction of the decoupling index of China’s
regional power sectors
Prediction of carbon emissions in the power sectors
According to the above analysis, the carbon emissions of the
power sectors in the Southwest, the southern coast, and the
middle Yellow River have been decoupled from economic
growth, and the increase of the GDP will not increase the
carbon emissions of these power sectors. Therefore, it is be-
lieved that the carbon emissions of the power sectors in these
three regions have actually reached their peak (the carbon
emissions of the power sectors in the Southwest, southern
coast, and middle Yellow River all reached their peak in
2013, with peaks of 383.79million tons, 1007.15 million tons,
and 390.43 million tons, respectively). Therefore, the forecast
Fig. 4 Diagram of the carbon emission forecast for the power sectors of five regions in China from 2017 to 2030 (when GDP grow at annual rate of
6.5%)
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of the carbon emission peak in the power sectors is mainly
targeted at the other five regions.
Referring to existing research, the following hypothesis is
proposed. The carbon emissions of the power sector follow a
smooth quadratic curve (Li and Qin 2019). The carbon emis-
sions of the power sector caused by a unit of GDP in 2020 in
the Northeast, the northern coast, the eastern coast, the middle
Yangtze River, and the Northwest are down by 18% (The
State Council 2016) compared with those in 2015; the average
annual growth rate of the GDP is 5.5%, 6.5%, and 7.5%,
respectively (National School of Development at Peking
University 2017), and 2030 is the peak year. The forecast
results are shown in Fig. 4 (When the average annual growth
rate of GDP is 5.5% and 7.5%, the forecast results are shown
in Figs. 7 and 8 of the Appendix, respectively). Figure 4
shows that in the Northeast, northern coast, eastern coast,
middle Yangtze River, and Northwest, when the average an-
nual growth rate of GDP is 6.5%, the carbon dioxide emission
peaks of the power sector in 2030 are 37634.92 × 104 tons,
97654.07 × 104 tons, 77482.52 × 104 tons, 54704.86 × 104
tons, and 46101 × 104 tons, respectively. Figure 7 shows that
in the Northeast, northern coast, eastern coast, middle Yangtze
River, and Northwest, when the average annual growth rate of
GDP is 5.5%, the carbon dioxide emission peaks of the power
sector in 2030 are 34592.38 × 104 tons, 90716.01 × 104 tons,
77287.75 × 104 tons, 50777 × 104 tons, and 42958.88 × 104
tons, respectively. Figure 8 shows that in the Northeast, north-
ern coast, eastern coast, middle Yangtze River, and Northwest,
when the average annual growth rate of GDP is 7.5%, the
carbon dioxide emission peaks of the power sector in 2030
are 40389.33 × 104 tons, 104934.1 × 104 tons, 83303.78 × 104
tons, 58540.33 × 104 tons, and 49331.87 × 104 tons, respec-
tively. It can be concluded that when the annual growth rate of
GDP is 5.5%, the peaks of carbon emissions in the power
sector is the lowest in all regions, and when the average annual
growth rate of GDP is 7.5%, the peaks of carbon emissions in
all regions is the highest.
Prediction of the decoupling indices of China’s
regional power sectors
According to the decomposition results of carbon emissions
for different periods in the power sectors of the Northeast, the
northern coast, the eastern coast, and the middle Yangtze
River obtained using the GDIM, it was found that there is a
strong relationship between GDP growth and carbon emis-
sions from the power sectors due to GDP growth. The two
variables were fitted, and the results are shown in Fig. 5.
Figure 5 shows that the R-squared values of the fittings in
the five regions are close to 0.9 or more than 0.9, and the
fitting results are ideal.
Fig. 5 Diagram of the GDP growth and carbon emissions due to GDP growth fitting results of the power sectors
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According to the relationship obtained in Fig. 5, the carbon
emissions of the power sector caused by GDP growth are
predicted, and the decoupling indices of the power sectors in
five regions are calculated in combination with the predicted
carbon emissions of the power sectors. When the average
annual growth rate of GDP is 6.5%, the results are shown in
table of Fig. 6 (When the average annual growth rate of GDP
is 5.5% and 7.5%, the results are shown in the tables in Figs. 9
and 10 of the Appendix). As shown in the table, under three
different economic growth rates, the decoupling index be-
tween the carbon emissions of the power sector and economic
growth is closer to 1 when as the time moves closer to
2030, which indicates that the carbon emissions of the
power sectors and economic growth are becoming closer
to the absolute decoupling state. In addition, if factors
such as the total energy consumption and power genera-
tion maintain a steady rise or fall, the carbon emissions of
the power sector and economic growth in the Northeast,
the northern coast, the eastern coast, and the middle
Yangtze River will not fluctuate between decoupling and
non-decoupling, and the decoupling index will remain
above 0 and increase steadily until it is close to 1.
Fig. 6 Diagram of the comparison of carbon emissions in the power sector caused by a unit of GDP in China regional power sectors (When the average
annual growth rate of GDP is 6.5%)
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Feasibility of China’s regional power sectors achieving
the carbon emissions peak in 2030
To better study the feasibility of peaking carbon emissions in
the power sector in each region in 2030, referring to the existing
research (Li and Qin 2019), this paper shows analyses per-
formed based on the following thought. The decoupling indices
of carbon emissions from the power sector in each region in the
historical period and the forecast period are investigated, and
two periods with the same decoupling index are selected to
observe the variation range of carbon emissions of the power
sectors caused by a unit of GDP in the historical period and
forecast period.With the increase of the decoupling index, if the
range of descend of carbon emissions from the power sector
caused by a unit, the GDP in the historical period is higher than
that in the forecast period; then, under the historical trend (that
is, the state in which no more policy measures will be added),
the promoting effect of a unit of GDP on the carbon emissions
of the power sector will decrease, and the extent of decrease
will become larger and larger. Therefore, under the research
hypothesis of this paper (namely, the case in which the 18%
reduction target is added as a policy measure), the decoupling
trend between economic growth and carbon emissions of the
power sector in the future will become more obvious, and the
possibility of achieving the peak goal in 2030 is very high.
When the average annual growth rate of GDP is 6.5%, the
comparison results of each region are shown in Fig. 6 (Under
the average annual economic growth rate of 5.5% and 7.5%,
the change trend of carbon emission in the power sector caused
by unit GDP in the historical period and forecast period of the
five regions is similar to the forecast scenario under the average
annual economic growth rate of 6.5%, so the forecast scenario
the average annual economic growth rate of 6.5% was taken as
an example to analyze in the text. When the average annual
growth rate of GDP are 5.5% and 7.5%, the comparison results
of the other two prediction scenarios are shown in Figs. 9 and
10 of the Appendix.)
For the Northeast, when the decoupling index of the his-
torical period (from 2012 to 2016) and the forecast period
(from 2017 to 2025) are both 0.4, the carbon emissions of
the power sector caused by a unit of GDP decrease by 1200
tons/100 million Yuan from 2012 to 2016, while the carbon
emissions of the power sector caused by a unit of GDP de-
crease by 2300 tons/100 million Yuan from 2017 to 2025.
When the decoupling index of carbon emissions from the
power sector and economic growth from 2011 to 2015 and
2026 to 2030 are both 0.9, the carbon emissions of the power
sector caused by a unit of GDP decrease by 2300 tons/100
million Yuan from 2011 to 2015, and the carbon emissions of
the power sector caused by a unit of GDP decrease by 900
tons/100 million Yuan from 2026 to 2030. Therefore, the re-
duction of the carbon emissions of the power sector caused by
a unit of GDP in the historical period is greater than that in the
forecast period. Moreover, with the increase of the decoupling
index, the reduction increases, and the difference between the
reduction of the historical period and that of the forecast peri-
od also increases, which indicates that the reduction of the
promotion effect on the carbon emission of the power sector
caused by a unit of GDP in the historical trend is larger than
that in the forecast period. In this respect, if this trend is main-
tained, there is a good chance that the power sector in the
Northeast will meet the 2030 carbon emission peak target.
The eastern coast follows similar trends to those in the
Northeast, but the northern coast, the middle Yangtze River
and the Northwest follow different trends. In the Northern coast,
with the increase of the decoupling index, although the value of
the decline in the carbon emissions of the power sector caused
by a unit of GDP in the historical period is reduced, the value of
the decline is still greater than the value in the forecast period
under the same decoupling index, indicating that the contribu-
tion of a unit of GDP to the carbon emissions of the power sector
declines under the historical trend, and the decline is greater than
that in the forecast period. Therefore, it can be considered that
the carbon emission performance under the historical trend is
better than that of the forecast period. In the middle Yangtze
River, with the increase of the decoupling index, the value of
the decline of carbon emissions in the power sector caused by a
unit of GDP in the historical period is almost unchanged but is
greater than that in the predicted period, indicating that with the
increase of the decoupling index, the contribution of a unit of
GDP to the carbon emissions of the power sector under the
historical trend is also decreasing and that the range of decline
is greater than that in the forecast period. Therefore, under the
historical trend, the carbon emission performance of the power
sector in the middle Yangtze River tends to be better and better
than that in the forecast period. Under the historical trend, the
carbon emission performance of the power sector in the
Northwest is far less than that in the forecast period. With the
increase of the decoupling index, although the decline in the
carbon emissions of the power sector caused by a unit of GDP
in the historical period increases, the decline is lower than that in
the forecast period, and the difference of the decline between the
historical period and the forecast period increases, indicating that
the reduction of the contribution of a unit of GDP to the carbon
emissions of the power sector under the historical trend is less
than that in the forecast period, and it is difficult to transform the
carbon emission trend of power sector in the Northwest.
Therefore, there are still some challenges in achieving the
2030 carbon emission peak target for the Northwest.
In addition, when the average annual growth rate of GDP is
6.5%, the average annual growth rate of carbon emissions in
the power sectors from 2016 to 2030 in the Northeast, the
northern coast, the eastern coast, the middle Yangtze River,
and the Northwest were calculated to be 0.9%, 0.7%, 1.13%,
1%, and 1.55%, respectively. When the average annual
growth rate of GDP is 6.5%, the average annual growth rate
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of carbon emissions in the power sectors from 2016 to 2030 in
the Northeast, the northern coast, the eastern coast, the middle
Yangtze River, and the Northwest were calculated to be 0.3%,
0.23%, 0.63%, 0.43%, and 1.04%, respectively. When the
average annual growth rate of GDP is 7.5%, the average an-
nual growth rate of carbon emissions in the power sectors
from 2016 to 2030 in the Northeast, the northern coast, the
eastern coast, the middle Yangtze River, and the Northwest
were calculated to be 1.37%, 1.27%, 1.66%, 1.45%, and
2.04%, respectively. The average annual growth rates of car-
bon emissions from 2011 to 2016 were 0.4%, 5.4%, 2.4%,
3.3%, and 8.04%, respectively. It can be seen under three
forecast scenarios, compared with the case in the Northeast,
the average annual growth rate of carbon emissions between
the two time periods in other regions is very different. It is
difficult to reduce the growth rate of carbon emission.
Therefore, reducing the total amount of carbon dioxide emis-
sions is also difficult. From this perspective, there is a lot of
pressure on these regions to reduce carbon dioxide emissions.
Summaries For the Northeast, the northern coast, the eastern
coast, the middle Yangtze River, and the Northwest, there is
still some pressure on the power sector to achieve the 2030
carbon emission peak target. Among these regions, the pres-
sure in the Northeast is relatively small, while the pressure in
the Northwest is the greatest.
Discussion and analysis
Comparison of this paper with existing research
This paper studies the factors affecting the carbon emissions
of the eight regional power sectors in China and the
decoupling relationship between the carbon emissions of the
power sector and economic growth, and on this basis, the
feasibility of peaking carbon emissions in China’s eight major
regional power sectors in 2030 is discussed. The biggest dif-
ference between this study and existing studies is that the
feasibility of each regional power sector peaking carbon emis-
sions in 2030 is analyzed from the perspective of decoupling.
Pleßmann and Blechinger (2017), Liu et al. (2018), and Tang
et al. (2018) used the model to set several forecast scenarios
and compare the peak times of carbon emissions under differ-
ent scenarios, while this study analyzes the feasibility of car-
bon peaking in the power sectors in 2030 based on the differ-
ence of carbon emissions in the power sector caused by a unit
of GDP between the historical period and forecast period with
the same decoupling index, which is a new perspective.
At the same time, this study has some similarities and dif-
ferences relative to other studies in other aspects. Tang et al.
(2018), as in this study, examined the carbon emissions of
China’s power sector from a regional perspective, but Tang
et al. (2018) only considered the time when carbon dioxide
emissions peak and did not study the factors affecting carbon
emissions in each region. Therefore, it is not possible to define
the influencing factors in the carbon emissions of the power
sector in each region and judge the effect of the influencing
factors on carbon emissions. This study is a sub-regional study
of carbon emissions in the power sector and analyzes different
effects of different influencing factors on the carbon emissions
of power sectors in different regions. Both the research of Zhu
et al. (2018) and this study use the GDIM to decompose the
carbon emissions of the power sectors. However, Zhu et al.
(2018) studied the entire power sector in China, and this
study examines each region individually, allowing this study
to not only discuss the different effects of various factors on
carbon emissions in different regions but also put forward
specific suggestions for each region. Zhang and Da (2015)
and Li and Qin (2019) used the decoupling method based on
the LMDI to study the decoupling relationship between
China’s energy-related carbon emissions and economic growth
and the decoupling relationship between China’s carbon emis-
sions and economic growth. The decoupling index based on the
decomposition method is also used in this study. However, the
decouplingmethod based on the GDIM is used for the first time
in this study, which can reflect not only the contributions of the
relative quantity factors but also the contributions of the abso-
lute quantity factors in the decoupling process. At the same
time, this paper studies the decoupling relationship between
the carbon emissions of the power sector and economic growth,
which is rarely investigated in existing studies.
Based on the above summaries, this paper has made
improvements based on existing research. Firstly, the
GDIM method was used to decompose the carbon emis-
sion of China’s regional power sector, and the influences
of different absolute quantities and relative quantities on
the carbon emission of different regional power sectors
were studied, which can provide targeted suggestions for
regional power sectors to effectively reduce carbon emis-
sion. Secondly, the GDIM-D decoupling index was used
to study the decoupling relationship of power sectors in
different regions. The LDMI-D decoupling index could
only reflect the single absolute quantity in the decoupling
process, so the GDIM-D decoupling index made up for
the shortcoming of LDMI-D and could reflect the roles
of absolute quantities and relative quantities in the
decoupling process. Finally, from the perspective of com-
parison between historical evolution and future forecast,
the carbon emission of power sector was studied and the
feasibility of peaking carbon emissions in China’s re-
gional power sectors in 2030 was analyzed from the
perspective of decoupling, which was helpful for region-
al governments to formulate carbon emission reduction
policies according to local conditions in the current de-
velopment mode.
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References of this article
(1) This study can provide a reference for research about car-
bon emissions in other countries’ power sectors. Whether
in China or in other countries, power sectors are closely
related to residents’ lives and enterprise production.
Therefore, the carbon emissions of power sectors are not
only an important part of China’s carbon emissions but are
also a very important part of carbon emissions in other
countries. Mastering the relationship between carbon
emissions from power sectors and economic growth plays
a very important role in reducing carbon emissions in the
power sectors and controlling carbon emissions in the
power sectors is important for controlling overall carbon
emissions. The indicators selected in the research method
in this paper are applicable to each country, such as the
GDP, power generation, and total energy consumption, so
the research method can be applied to other countries.
(2) This study can also provide a reference for other indus-
tries. Carbon emissions from other sectors such as the
industrial sector and the transportation sector are also
very important components of the total carbon emis-
sions. According to the research method of this paper,
the relative and absolute influencing factors of carbon
emissions in various industries can be studied, and the
decoupling state between carbon emissions and econom-
ic growth in various industries can be understood to ef-
fectively reduce the carbon emissions of these industries.
The shortcomings of this paper and future research
directions
Due to the lack of indicator data and energy consumption data
for the regional power sectors before 2003, only the carbon
emissions of the power sector in each region from 2003 to
2016 are studied. If the time period of the study is expanded,
the results of this studymay bemore accurate.When calculating
carbon emissions, some energy which is little-used is not includ-
ed, which may cause carbon emissions to be underestimated.
This study only selected the most commonly used indicators,
such as the GDP and total energy consumption, and we will try
to introduce more influencing factors in future research.
Conclusions and policy recommendations
Main conclusions
This paper first uses the GDIM model to decompose the car-
bon emissions of the power sectors in eight regions of China
and then uses the GDIM-D model to study the decoupling
relationship between economic growth and carbon emissions
from the power sectors in these eight regions. Finally, the
carbon emissions and decoupling indices for 2017–2030 are
predicted, and the feasibility of China’s regional power sector
peaking carbon emissions in 2030 is analyzed. The specific
conclusions of this paper are shown in Table 4 of the
Appendix. The main conclusions are as follows:
(1) According to the decomposition of the carbon emissions
of the eight regional power sectors by the GMDI model, it
can be seen that the driving effects of the influencing
factors in each region are partly the same but are also
different to some degree. The GDP and scale of output
are the main promoting factors, while the carbon intensity
of the power sector in the GDP and the carbon intensity of
the output are the main promoting reduction factors. The
performances of carbon emissions of the power sectors in
the southern coast, the middle Yellow River, and the
Southwest are better than other regions. The total carbon
emissions of the power sectors in the Northeast, northern
coast, Eastern coast, middle Yangtze River, andNorthwest
increase year by year, while the carbon emissions of the
power sectors in the southern coast, middle Yellow River,
and Southwest begin to decrease from 2013.
(2) According to the study of the decoupling relationship
between the carbon emissions of the power sector and
economic growth in the eight regions obtained using the
GDIM-D, it was found that after 2013, the carbon emis-
sions of the power sector and economic growth in the
southern coast, the middle Yellow River, and the
Southwest have been decoupled and that carbon emis-
sions have peaked, while those in the other five regions
have not been absolute decoupled, and the carbon emis-
sions of the latter power sectors have not peaked.
(3) The carbon emission peaks of the power sectors in the
Northeast, the northern coast, the eastern coast, the mid-
dle reaches of the Yangtze River, and the Northwest are
predicted to be 37634.92 × 104 tons, 97654.07 × 104
tons, 77482.52 × 104 tons, 54704.86 × 104 tons, and
46101 × 104 tons, respectively. Through the prediction
of carbon emissions and the decoupling index in the
power sectors and the comparison of historical and pre-
dicted values of carbon emissions from the power indus-
try caused by a unit of GDP in the Northeast, the northern
coast, the eastern coast, the middle Yangtze River, and
the Northwest, it was found that these five regions still
face some pressure to reduce their carbon emissions if
they want to achieve the goal of peaking by 2030.
Policy recommendations
According to the above analysis and conclusions, the GDP,
energy consumption scale, and output scale have strong roles
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in promoting carbon emissions of the power sector. The growth
of the GDP is an inevitable result of the economic development
of developing countries, and the development of the economy
will also drive the growth of the electricity demand. Therefore,
reducing carbon emissions cannot come at the expense of eco-
nomic growth and the reduction of power generation. We can
start with optimizing the energy structure, improving the energy
efficiency, and implementing energy conservation policies.
(1) Optimize the energy structure, improve the power gen-
eration structure, and vigorously develop clean energy.
The middle reaches of the Yellow River and the
Southwest can continue to expand their installed hydro-
power capacity and increase hydropower generation, and
at the same time, they can develop solar power genera-
tion and reduce thermal power. Power generation enter-
prises should improve the structure of power generation,
reduce coal-fired power generation, increase the propor-
tion of natural gas in power generation, and develop new
clean power generation technologies. In particular, the
northern coast and Northwest should reduce their reli-
ance on thermal power. Additionally, the Northeast can
increase the proportion of wind power and solar power
generation. The northern coast and the eastern coast can
develop tidal power generation. The middle reaches of
the Yangtze River can develop hydropower, while the
Northwest can develop solar photovoltaic power by vir-
tue of its sunlight advantages.
(2) Actively promote technological reforms and improve en-
ergy efficiency. The Chinese government should in-
crease funding for energy-efficient power generation
technologies, encourage the phasing out of energy-
intensive power generation equipment, promptly close
small thermal power generating units with low power
generation efficiency, and attach importance to the re-
search, development, and application of supercritical
and ultra-supercritical power generation technologies.
At the same time, the Chinese government should pro-
mote the improvement of production technology, pro-
mote the upgrading of production lines, and improve
the efficiency of electricity use.
(3) Formulate policies on energy conservation and raise the
awareness of the public and enterprises concerning ener-
gy conservation and emission reduction. In combination
with existing relevant laws and regulations, regulations
and policies presenting low-carbon power as the core
goal for the power sector should be established, and car-
bon emission trading, carbon taxes, environmental taxes,
and other policies that are suitable for low-carbon devel-
opment of the regional power sector should be formulat-
ed. With the help of colleges and universities, communi-
ty associations, etc., relevant institutions should strength-
en the public of awareness of energy saving and power
saving, and hold power saving and power-saving public-
ity activities, so that energy saving and power consump-
tion reduction become the consensus and conscious ac-
tion of the public and enterprises to reduce unnecessary
waste of electricity.
(4) Develop low-carbon economy, build low-carbon cities,
and take the road of sustainable development. From the
perspective of the power demand side, the economic
growth mode should be adjusted to change from the ex-
tensive growth mode of “high input and high pollution”
to the intensive growth mode of “high output and low
pollution” as soon as possible. The government should
increase support for enterprises, and enterprises should
improve the level of energy utilization technology. From
the perspective of power supply side, it is necessary to
strengthen the research on energy conservation and emis-
sion reduction technology, constantly optimize the pow-
er supply structure and energy structure, improve the
power production efficiency, and effectively reduce the
carbon emission of the power sector.
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Appendix
Table 1 Division of the eight regions
Regions Provinces
Northeast Liaoning, Jilin, and Heilongjiang
Northern coast Beijing, Tianjin, Hebei, and Shandong
Eastern coast Shanghai, Jiangsu, and Zhejiang
Southern coast Fujian, Guangdong, and Hainan
Middle Yellow River Shaanxi, Shanxi, Henan, and the Nei
Mongol Autonomous Region
Middle Yangtze River Hubei, Hunan, Jiangxi, and Anhui
Southwest Yunnan, Guizhou, Sichuan, Chongqin, and Guangxi
Northwest Gansu, Qinghai, Ningxia, Xizang, and Xinjiang
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Table 2 Nomenclature in this paper
Nomenclature
C Carbon emissions from the power sector ΔCEGCI The impact of the carbon intensity of the power
sector in the GDP on carbon emissions
G GDP ΔCEECI The impact of low-carbon level of energy use on carbon emissions
E The scale of energy consumption ΔCEPCI The impact of low-carbon level on the development of the
power sector on carbon emissions
P The scale of output ΔCEGPI The impact of power generation per unit of GDP on carbon emissions
GCI The carbon intensity of the power sector
in the GDP
ΔCEPEI The impact of energy consumption per unit of power generation
on carbon emissions
ECI The carbon intensity of energy consumption D Decoupling index
PCI The carbon intensity of output DE The decoupling effect index of the energy consumption scale
GPI The power generation intensity of the GDP DP The decoupling index of the output scale
PEI Energy intensity DGCI The decoupling effect index of the carbon intensity of the
power sector in the GDP
ΔCEG The impact of changes in the GDP on
carbon emissions
DECI The decoupling effect index of the carbon intensity of
energy consumption
ΔCEE The impact of changes in the energy
consumption scale on carbon emissions
DGPI The decoupling effect index of the power generation
intensity of the GDP
ΔCEP The impact of changes in the power
generation scale on carbon emissions
DPE1 The decoupling effect index of energy intensity
Table 3 Summary of mentioned studies in this paper
Authors Research areas Research method Conclusions
Decomposition
of carbon
emissions
Li et al.,
2018b
The power sectors in 11
countries
Divisia index
decomposition
Economic activity, population, and emission factors contribute to
carbon dioxide emissions. Energy intensity, power intensity,
the shares of power generation, and the proportion of coal-fired
power generation curb carbon dioxide emissions.
Ang and Goh
(2016)
ASEAN power sector IDA Decomposition factors have different levels of impact on the
average carbon intensity of ASEAN and ASEAN countries,
and strict measures are needed at the national and regional
levels to reduce carbon emissions in the regional power sectors.
Tang and Li
(2016)
Beijing’s power sector LMDI The positive driving factors mainly include the energy intensity
effect and the energy emission intensity effect, and the negative
driving factor is mainly the output scale effect.
Zhu et al.
(2018)
China’s power sector GDIM The output scale is the primary factor promoting the carbon
emissions of China’s power sectors, while the energy intensity
is the primary factor promoting the reduction. The energy
intensity and the carbon intensity of energy consumption have
great potential for emission reduction.
Carbon
emission
forecast
Yu et al.
(2016)
Qingdao’s power sector Support vector
regression and
Monte Carlo
simulation
Coal-fired power generation companies are the main sources of
carbon dioxide emissions, and CO2 emissions under CET can
be reduced by approximately 5% compared with those without
CET.
Pleßmann and
Blechinger
(2017)
Carbon emissions from
the power sector in
EU
Elesplan-m model By 2050, greenhouse gas emissions will be reduced to 24 million
tons of carbon dioxide equivalent, which can be achieved
through large-scale capacity investment in renewable energy
(RES)
Li et al.
(2018a)
China’s power sector CGE The power sector will peak in carbon emissions around 2020.
Compared with the scenario without carbon trading, when the
industry’s carbon baseline is reduced at a rate of 2% per year,
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Table 3 (continued)
Authors Research areas Research method Conclusions
carbon emissions will be reduced by more than 10 million tons
by 2030.
Liu et al.
(2018)
China’s power sector TIMES Carbon emission peaks in China’s power sector range from 4.0 to
4.8 Gt.
Özer et al.
(2013)
Turkey’s power sector LEAP The emissions reduction of Turkey’s power sector is analyzed,
and the carbon emission in the mitigation scenario were
reduced more than those in the BAU scenario.
Ali et al.
(2017)
Singapore’s power
sector
EnergyPLAN
optimization model
All three scenarios have achieved Singapore’s power industry
carbon reduction targets in 2020, and existing measures can
meet the emission reduction targets in 2020.
Tang et al.
(2018)
China’s power sector NET-Power The carbon dioxide emissions of China’s power sectors will reach
3717.99 Mt by 2030. All regions except the eastern region will
achieve the goal of carbon emission peaking by 2030.
Decoupling Han et al.
(2018)
Agricultural carbon
emissions in 30
provinces of China
Tapio The coupling of agricultural carbon emissions and agricultural
economic growth in the central region is higher, and that in the
western region is lower.
Wu et al.
(2018)
Chinese construction
industry
Tapio and LMDI
combined
There is wide decoupling between the economic growth and
carbon emissions from construction in most parts of China
from 2005 to 2015.
Engo (2018) Cameroon Tapio and LMDI
combined
Demographic changes, energy intensity, and economic activity
have had negative effects on decoupling, while economic
structure and emission factors have contributed to the
development of decoupling.
Li and Qin
(2019)
Chian LMDI-D The impact of economic growth on China’s carbon dioxide
emission reduction is far greater than those of the energy
intensity and carbon emission coefficient. The decoupling
relationship between China’s carbon dioxide emissions and
economic growth will be stronger from 2015 to 2020.
Table 4 Summary of main conclusions of this paper
Regions Carbon
emissions
in 2003 (104
tons)
Carbon
emissions
in 2016 (104
tons)
Peak
year
Carbon emission
peak
(104 tons)
Conclusions
Northeast 17590 33366 2030 37634.92 The total carbon dioxide emissions in the power sector have
increased almost every year. There is no decoupling, and
the carbon emissions of the power sector have not peaked.
There is still a lot of pressure to reduce emissions to
achieve the peak of carbon emissions in 2030.
Northern coast 29326 87882 2030 97654.07
Eastern coast 22294 66175 2030 77482.52
Middle Yangtze
River
15587 47838 2030 54704.86
Northwest 7271 37183 2030 46101
Southern coast 15165 32919 2013 38379 Carbon dioxide carbon emissions in the power sector showed
a downward trend in 2013. They are decoupled and peaked in
2013.
Middle Yellow
River
32197 96649 2013 100715
Southwest 15623 28280 2013 39043
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Fig. 7 Diagram of carbon emission forecast for the power sector of China’s five regions from 2017 to 2030 (when the average annual growth rate of GDP
is 5.5%)
Fig. 8 Diagram of carbon emission forecast for the power sector of China’s five regions from 2017 to 2030 (when the average annual growth rate of GDP
is 7.5%)
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Fig. 9 Diagram of the comparison of carbon emissions in the power sector caused by unit GDP of China’s five regional power sector (when the average
annual growth rate of GDP is 5.5%)
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Fig. 10 Diagram of the comparison of carbon emissions in the power sector caused by unit GDP of China’s five regional power sector (when the average
annual growth rate of GDP is 7.5%)
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